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Abstract
Objective-To identify risk factors for all cause

mortality according to glucose tolerance status.
Design-Cohort study with an average 15-6 years'

follow up.
Setting-Paris, France.
Subjects-7166 working men aged 44-55 in 1968-72

in the Paris prospective study cohort, with non-
insulin dependent diabetes or known result of two
hour 75 g oral glucose tolerance test.
Main outcome measures-Risk factors for death

from all causes.
Results-128 men were known to be diabetic, 180

had diabetes diagnosed, and 697 had impaired
glucose tolerance diagnosed. Compared with normo-
glycaemic men the relative risks of death in these
groups were 2-0 (95% confidence interval 1-4 to 3 0),
2-7 (2.0 to 3.6), and 1-6 (1.3 to 2 0) respectively.
Obesity, smoking, high blood pressure, and high
non-esterified fatty acid concentration were risk
factors for death in all subjects and were unaffected
by glucose tolerance. The risks for fasting and two
hour insulin concentrations and mean corpuscular
volume were two times higher in known diabetic men
than in men not known to be diabetic. Central
obesity was significant only in men not known to be
diabetic (1.6 (1-4 to 1.9)). In known diabetic men a
two hour glucose concentration higher than 111
mmol/l carried a relative risk of death of 3-8 (1.4 to
9-4).
Conclusions-Diabetic men have similar risk

factors for early mortality to other men but are at
higherriskfromhyperinsulinaemia,hyperglycaemia,
and high mean corpuscular volume.

Introduction
Subjects with non-insulin dependent diabetes have a

reduced life span, with an age specific mortality about
twice that of the general population.' This excess
mortality has been attributed principally to ischaemic
heart disease.1 Our analysis ofthe 44-55 year old men in
the Paris prospective study cohort showed that diabetic

subjects (known and newly diagnosed) had an increased
risk of death from other causes as well. Compared with
subjects who were normoglycaemic, the diabetic
subjects had a relative risk of death from all causes of
2-31 (95% confidence interval 1-81 to 2 93) after 15
years of follow up, similar to that for coronary heart
disease 2 26 (1 25 to 3 79).2 These results parallel those
from the Gothenburg study ofmiddle aged men, which
reported odds ratios of3.5 (2 5 to 6 9) for death and 441
(2-5 to 6 6) for death from coronary heart disease in
known diabetic subjects after seven years of follow Up.3
We analysed risk factors associated with death in
diabetic men.

Subjects and methods
At the beginning of 1967, 8297 male civil servants

born between 1917 and 1928 were eligible to participate
in the Paris prospective study of cardiovascular risk
factors. The general aims and detailed methods of this
study, as well as the characteristics of this population,
have been described.4s Of the 8297 subjects, 96% were
examined initially, and a further 3% were excluded
from analysis because they were born outside France.
At the first annual follow up examination 7038 of the
men (aged 44-55 years) completed a two hour 75 g oral
glucose tolerance test. A further 128 subjects were
known to have diabetes and had been or were being
treated with hypoglycaemic drugs; the ten men
receiving insulin were not included. All subjects who
were not known to be diabetic were classified, on the
basis of their fasting and two hour glucose concen-
trations and the World Health Organisation 1985
criteria.6 Newly diagnosed diabetes was defined as
fasting glucose > 7 8 mmol/l or two hour glucose : 1 1 1
mmol/l, or both; impaired glucose tolerance as fasting
glucose <7 8 mmol/l and two hour glucose 7 8-11 1
mmol/l; and normoglycaemia as fasting glucose <7 8
mmol/l and two hour glucose < 7 8 mmol/l.
The men were asked about their smoking habits.

Body mass index (weight/(height)2 (kg/iM2)), central
obesity (ratio of iliac and thigh circumferences),7 and
blood pressure (measured with the subject in a
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-- Normoglycaemic seated position and to the nearest 10 mm Hg) were also
.------Impaired glucose recorded. Blood samples were taken when fasting and

tolerance two hours after the oral glucose tolerance test; samples
Known diabetes were analysed for plasma cholesterol,8 triglycerides,9
New diabetes glucose,'0 non-esterified fatty acids," and insulin'2

1.0 concentrations. Few data were missing except for those1. x on non-esterified fatty acids, for which only 78% of the
samples were analysed. The alcohol consumption of
the study population was known to be high." The

0.9- 1 LL mean corpuscular volume, a parameter correlated with
. alcohol consumption,14 was also included as a possible

risk factor for early death.

0.8- The men were followed up for survival and causes
0 L of death for 12-6 to 18-3 years (average 15-6
o0 L1 years). Inquiries were made through official sources to

L ascertain the date of death of deceased subjects. The
0.7 Intemational Classification of Diseases"' was used to

code the causes of death, which were based on
information from the treating physician, hospital

0.6 records, and the subject's family. Although the survival
follow up was complete, the cause of death was
established in only 72% of subjects who had died.

0 5 10 15 The Gox proportional hazards model was used to
Follow up time (years) describe the survival of men with impaired glucose

Survival curves estimatedfrom tolerance or diabetes after adjustment for age, in
Cox model after adjustmentfor comparison with the normoglycaemic men.16 The
age according to glucose resulting hazards ratios have been referred to as
tolerance relative risks. Survival curves were estimated from this

model at age 50. As the effects of risk factors were not
always linear, subjects were divided into two classes
according to the upper quartile of the risk factor
distributions at the first follow up examination. The
Cox models were used to assess the effect of each
risk factor after adjustment for age. The initial models
included interaction terms between the impaired
glucose tolerance and diabetic groups and the risk
factor concemed, and the homogeneity of the effect of

TABLEI -Characteristics of men in the Paris prospective study according to glucose tolerance. Values are
medians (quarties) unless stated otheruise

Impaired Newly diagnosed Known to be
Normoglycaemic glucose tolerance diabetes diabetic

Factor (n-6161) (n=697) (n- 180) (n- 128)

Age (years) 49 (47-50) 49 (48-50) 49 (48-50) 49 (48-50)
Body mass index (kg/r2) 26 (24-28) 27 (24-29) 28 (25-30) 28 (26-30)
lliacthighratio 1-75 (1-67-1-84) 1-80 (171-190) 1-87 (1-77-1-94) 1-82 (1-76-1-91)
No (%) smoking:
Never 1175 (20) 139 (20) 30 (16) 33 (26)
Former smoker 1059 (18) 137 (20) 28 (16) 25 (20)
<15 cigarettes/day 1943 (32) 209 (31) 62(35) 35(28)
- 15 cigarettes/day 1815 (30) 199 (29) 59 (33) 33 (26)

Blood pressure (mm Hg):
Systolic 140 (130-150) 150 (140-170) 160 (150-180) 150 (140-170)
Diastolic 80 (70-90) 80 (80-100) 90 (80-100) 80 (80-95)

Oh Glucose (mmol/A) 5-6 (5 2-5-9) 6-0 (5-7-6 4) 7-5 (6 0-8 2) 7-4 (6 3-8 9)
2hGlucose (mmoIl) 5-2 (4-4-6-1) 8-7 (8-1-9-3) 12-2 (11-3-13-8) 10 9 (7-2-17)
Oh Insulin (pmol/l) 72 (43-100) 93 (57-144) 122 (72-196) 108 (72-172)
2 h Insulin (pmol/l) 215 (129-359) 495 (316-775) 424 (276-660) 302 (172-474)
Oh Cholesterol (mmolll) 5-5 (4-9-6-2) 5-6 (5-1-6-5) 5-8 (5-1-6-6) 5-6 (5 0-6-3)
O hTriglycerides (mmoVI) 1-2 (0-9-1-6) 1-4 (1-0-2-0) 1-5 (1-1-2-2) 1-5 (1-1-2-3)
Oh Non-esterified fatty acids

(mmolIl) 27 (20-36) 38 (27-49) 44 (32-60) 35 (27-45)
Mean corpuscularvolume (fl) 95-9 (93-5-100) 96-0 (93 8-100) 98-0 (95-7-102) 95-9 (93 6-100)

this risk factor was tested in men with impaired glucose
tolerance or diabetes by comparing the log-likelihoods
of models with and without interaction terms. The
relative risks of death were estimated from the resulting
model.
A further comparison of likelihoods was made to see

whether the trend across the four risk factor classes
defined by the quartiles differed significantly from
linearity. In order to test whether glycaemic control
was beneficial for those subjects known to be diabetic,
the fasting and the two hour glucose concentrations
were each divided into two classes (fasting <7-8 and
-7-8 mmol/l; two hour <11 1 and ,-11 mmol/l). A

forward algorithm was used to select the prognostic
factors, which were all dichotomised above or below
the upper quartile or in the case of smoking at
15 or more cigarettes per day. Interaction terms found
to be significant in the univariate analysis were always
included with the risk factor. To &bn;rm this selection
of predictive factors a forward model was also used
with variables expressed in continuous form. BDMP
software was used for all analyses.

Results
The median levels of most risk factors increased with

decreasing glucose tolerance, as defined by the oral
glucose tolerance test (table I). For smoking habits
and the two hour insulin concentration, however, the
levels were higher in men who had impaired glucose
tolerance than in those who had had diabetes newly
diagnosed. The median levels of all factors were lower
for the men already known to be diabetic than for those
who had been newly diagnosed.
There were 975 deaths in this cohort, and table II

shows the causes of death. In all 349 (42%) of the
deaths were due to cancers of various types, 167 (20%)
to diseases of the circulatory system, and 142 (17%) to
poorly defined causes. No cause could be assigned to
139 of the deaths. Deceased men for whom the cause of
death was not known, did not differ significantly from
men with known cause of death for any of the
characteristics studied. The relative risks of death by
any cause followed the same pattem as the risk factors
in table I-an increasing trend with increasing glucose
intolerance with new diabetic men having a slightly
higher risk than known diabetic men. The survival
curves for the four groups (figure) show the same
trend, with the survival probability of new and known
diabetic men diverging after 10 years' follow up.
Both groups of diabetic men had similar relative

risks for neoplasms and diseases of the circulatory
system. The impaired glucose tolerant and the newly
diagnosed diabetic men had very high risks of diseases
of the digestive system as noted previously.2' Sudden
death was listed as the cause of death for 106 of the 142
subjects classified in the group symptoms, signs, and ill
defined conditions. For these 106 subjects the associated
relative risks were 16 (95% confidence interval 0 90 to

TABLE n-Causes ofdeath after average of 15-6years offollow up and relative risk (95% confidence interval) ofdeath

Impaired Newly diagnosed Known to be
No (%/6) of Normoglycaemic glucose tolerance diabetes diabetic
subjects* (n-6161) (n-697) (n= 180) (n 128)

No (%/6) died 757 (12) 132 (19) 56 (31) 30 (23)
Cause ofdeath:
Neoplasm 349 (42) 1 1-4 (1 0 to 2-0) 2-0 (1l1 to 3 3) 2-0 (1 1 to 3 7)
Disease of the circulatory system 167 (20) 1 1-6 (10 to 2-6) 2-2 (1-1 to 4-6) 23 (10 to 5-3)
Disease of the digestive system 55 (7) 1 4-6 (2-4 to 8 5) 11 (5-0 to 23) 1-7 (0-23 to 13)
Symptoms, signs, and ill defined conditions 142 (17) 1 1-7 (1 0 to 8 9) 3 0 (1-5 to 6 0) 1-9 (0-69 to 5-1)
Injury and poisoning 82 (10) 1 1-0 (0 50 to 2 2) 1.0 (0-25 to 4-3) 1-4 (0-35 to 6 0)
All other causes 41 (5) 1 0 9 (0-27 to 3 0) 4-5 (1-6 to 13) 4-7 (1-4 to 16)
Unknown causes 139 1 1-6 (0-99 to 2-7) 3 0 (0 70 to 5 6) 1-4 (0 45 to 4-5)

All causes 975 1 1-6 (1-3 to 2 0) 2-7 (2-0 to 3 6) 2-0 (1-4 to 3-0)

*Percentage of subjects with death ofknown cause classified by International Classification ofDiseases."
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TABLE in-Relative risks of factors predictive of death by all causes estimated from the Cox model after
adjustment for age. If the effect differed significantly across glucose tolerance or diabetes classes it is shown
according to such classes

Relative risk
Factors p Value (95% confidence interval)

Body mass index - 28 v < 28 kg/r2 0-02 1-2 (1-03 to 1-4)
Iliac thigh ratio - 1-85 v < 1-85*:
Notknown to be diabetic 0-0001 1-6 (1-4 to 1-9)
Known tobe diabetic 0 07 1 9 (0 94 to 4 0)

Smoking:
- 15 cigarettes/dayv < 15 cigarettes/day 0-0001 2-1 (1-8 to 2-4)
Current smoker < 15 cigarettes/day v non-smoker 0 0001 1-5 (1-2 to 1-8)
Former smoker v never smoked 1 1-0 (0 77 to 1-3)

Systolic blood pressure a 150 v < 150 mm Hg 0 0001 1 9 (1-6 to 2 2)
Diastolic blood pressure 2 90 v < 90mm Hg* 0-0001 1-6 (1-4 to 1-9)
Oh Glucose - 7-8 v < 7-8 mmo/l:
Known to be diabetic 0 4 1-4 (0-64 to 3 0)

2 h Glucose 41 1 v < 11 1 mmoVI:
Known to be diabetic 0 003 3-8 (1-4 to 9 4)

Oh Insulin --108 v < 108 pmo/l:
Notknown to be diabetic 0-0008 1-3 (1-1 to 1-5)
Known to be diabetic 0 03 2-5 (1-1 to 5 8)

2 h Insulin - 409 v < 409 pmolA:
Not known to be diabetic 0-02 1-2 (1-00 to 1-4)
Known to be diabetic 0 04 2-4 (1-09 to 5 4)

Oh Cholesterol 46-3 v < 6 3 mmol/* 0 5 1-05 (0-91 to 1-3)
Oh Triglycerides 3 1-7 v < 1-7 mmol/* 0-2 1 1 (0 95 to 1-3)
OhNon-esterified fatty acids a 38 v < 38 mmolA 0 0001 2-0 (1-7 to 2-3)
Mean corpuscular volume - 100 v <100 fl*:
Not known to be diabetic 0 0001 1-9 (1-6 to 2-2)
Known to be diabetic 0-002 3-3 (1-6 to 7 0)

*Trend across groups defined by quartiles not significantly different from linear.

TABLE Iv-Multivariate Cox model analysis of the factors predictive of death by all causes. Factors were
selected by aforward algorithm (p valuefor entry to model shown) after adjustmentfor age

Without non-esterified With non-esterified
fatty acids fatty acids

Relative risk Relative risk
(95% confidence (95% confidence

Factors p Value interval) p Value interval)

Smoking (- 15 cigarettes/day) 0-0001 2-0 (1-7 to 2-3) 0-0001 2-0 (1-7 to 2-3)
Systolic blood pressure (34150mm Hg) 0-0001 1.9 (1 6 to 2 2) 0 0001 1-8 (1 5 to 2 1)
Non-esterified fatty acids (3 38 mmol/l 0-0001 1-6 (1-3 to 1-9)
Mean corpuscular volume (- 100 fl) 0-0001 0-0001
Not known to be diabetic 1-6 (1-4 to 1-9) 1-5 (1-2 to 1-8)
Known to be diabetic 3-1 (1-3 to 7-1) 2-5 (1-6 to 4 0)

Iliac thigh ratio (2 1-85) e ' 0-0001 0-001
Notknowntobediab*etic 1-4 (1-2to 1-6) 1-3 (1-1 to 1-6)
Known to be diabetic 2-2 (0-95 to 4-9) 1-6 (0-96 to 2 6)

2 h Insulin (24409 pmoll) 0 005 0 005
Not known to be diabetic 1-04 (0-89 to 1-2) 0-98 (0-83 to 1-2)
Known to be diabetic 4 0 (2-6 to 6-1) 4-3 (2-8 to 6 7)

After adjustment for the above factors:
Impaired glucose tolerance vnormoglycaemic 1-4 (1 1 to 1-8) 1-2 (0 94 to 1-5)
Newly diagnosed diabetes v normoglycaemic 1-8 (1-3 to 2-5) 1-5 (1-08 to 2-1)
Known to be diabetic v normoglycaemic 1-05 (0-58 to 1-9) 0-88 (0 45 to 1-7)

28), 37 (1-7 to 7 6), and 2-0 (0-61 to 6-2) in the
impaired glucose tolerant, new diabetic, and the
known diabetic men respectively. In France, sudden
death is often considered to be coronary heart disease.17
Table m shows the results of the univariate analysis

of the risk factors associated with early death after
adjustment for age. Several factors had a significant
effect on early mortality independent of the subject's
glucose tolerance status or whether he was known to be
diabetic. These were body mass index (228 kg/mi2),
current smoker, high systolic and diastolic blood
pressures (:24150 and 3s90 mm Hg), and high fasting
non-esterified fatty acid concentration (>38 mmol/l).
High fasting and two hour insulin concentrations
(:108 and 2>409 pmoVl respectively) were predictive
ofdeath in all men, but the relative risk was significantly
different and roughly doubled in men known to be
diabetic compared with men not known to be diabetic.
Similarly, a high mean corpuscular volume (->100 fi)
was associated with a greater relative risk in men
known to be diabetic. Central obesity, as measured by
the iliac thigh ratio had a significant effect only in those
men not known to be diabetic. All risk factors had the
same effect across the three glucose tolerance groups.
Post glucose load values were available in only 105
(82%) of the known diabetic men, but there were no
differences in the characteristics of those with and

without post load values. For the known diabetic
men, poor glycaemic control (two hour glucose > 1 1 1
mmol/1) was predictive of early death, with a relative
risk of almost 4 0 compared with known diabetic men
with good control. The fasting glucose concentration
did not have a significant effect.
Nine risk factors were found to be associated with

mortality in subjects known to be diabetic and not
known to be diabetic. The average number of raised
values for risk factors (above the upper quartile) was
2-5 in normoglycaemic men, 4-1 in men with impaired
glucose tolerance, 5*1 in newly diagnosed diabetic
men, and 4 0 in men known to be diabetic.
The variables selected for a multivariate model with

a forward algorithm, are shown in table IV. As there
were missing data on non-esterified fatty acid concen-
tration, the table shows the results with and without
this factor. Heavy cigarette smoking and high systolic
blood pressure were most predictive of early death.
After adjustment for these two variables mean cor-
puscular volume, the iliac thigh ratio, and the two hour
insulin concentrations were significant. The risk
was significantly higher in subjects known to be
diabetic for mean corpuscular volume and two hour
insulin concentration. When non-esterified fatty acids
were included in the model, their concentration was
significant after adjustment for smoking and systolic
blood pressure. The results changed little with this
added factor. These results remained the same when
the risk factors were analysed as continuous variables.

After adjustment for the risk factors in the multi-
variate models, men with impaired glucose tolerance
and newly diagnosed diabetes had significantly higher
relative risks of death compared with normoglycaemic
men (p<0.05). The risk in known diabetic men was
similar to that in normoglycaemic men (table IV).
After adjustment for the non-esterified fatty acid
concentration, only men with newly diagnosed diabetes
had a higher relative risk of death than men with
normal glucose tolerance.

Discussion
OTHERSTUDIES

Several prospective studies have examined the risk
factors associated with early death in non-insulin
dependent diabetic subjects: six cohort studies of
diabetic subjects, 123 seven studies of cohorts that have
included diabetic subjects (including the current
study),' 28 and one case-control study.29 These studies
must be compared with caution: since some give
combined results for men and womenI8'921222729 and
only the Whitehall,2526 Rancho-Bernardo,24 and the
Paris prospective studies included an oral glucose
tolerance test to screen for new diabetic subjects.
Fasting glucose concentration was used to diagnose
diabetes in the Dallas study.24 In addition, some
cohorts included patients treated with insulin,323242729
who could have had insulin dependent diabetes whereas
others did not indicate whether the diabetic subjects
were treated with insulin'4 21 or whether insulin
dependent subjects were included.
One study excluded subjects with a history of

myocardial infarction3 and in another subjects were
selected only if they were free of clinical vascular
disease and were able to achieve a predetermined heart
rate after exercise.28 The Rancho-Bernardo study
identified risk factors in the combined population of
diabetic and non-diabetic subjects without any test for
homogeneity of effect between these groups.24 The
reference group used in studies also differed. Some
studies used subjects not known to be diabetic,327
others used subjects not known to be diabetic or newly
diagnosed as diabetic,24 26 and others used normo-
glycaemic subjects.252829
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RELATIVE RISK OF EARLY MORTALITY IN DIABETIC
SUBJECTS

In the studies which included a comparison
group3 2429 diabetic subjects had a relative risk of death
of between 1-5 and 3 5, with no clear relation being
evident between the length of follow up, the age of the
subjects, or their sex. Jarrett and Shipley were the only
authors who analysed the newly diagnosed diabetic
subjects separately.25 These subjects had a relative risk
of death of 2-6 (95% confidence interval 1P8 to 3 7),
higher than that of the known diabetic subjects, which
ranged from 1 7 to 2 2 depending on the duration of
diabetes, and similar to the relative risk of 2 0 in our
study. The impaired glucose tolerant group had similar
risks in both studies.

RISK FACTORS FOR EARLY MORTALITY IN DIABETIC

SUBJECTS

In 1990 Jarrett commented on the lack of con-
sistency between studies of risk factors for mortality
from all causes in diabetic subjects."0 Overall obesity
was studied in all but one of the cohorts. In most cases
it had no effect but in the Japanese cohort deceased
subjects were less obese.'9 In contrast, in our study
obesity was associated with an increased risk (p<0 02)
but abdominal obesity was more important than overall
obesity (p<0.0001). The distribution of body fat has
not been analysed previously. The relation between
central adiposity, non-esterified fatty acid concen-
tration, and the risk factors analysed here suggests that
raised non-esterified fatty acid concentration may have
a role in early mortality."
Smoking and high blood pressure or hypertension

have been found to be risk factors in most studies. In
contrast, dyslipidaemia has rarely been found to be
important. Glycaemic control in subjects known to be
diabetic has been found significant in most studies.
The Oxford study of 249 diabetic subjects was the

only other study to analyse insulin as a risk factor.'8
Insulin concentrations, both fasting and after intra-
venous glucose were higher in those who died. We
found that a high fasting insulin concentration carried
a relative risk of 2-5 (2-4 for two hour insulin) in men
known to be diabetic.
Even though alcohol is well recognised as a risk

factor for early death,'2 the Gothenberg study3 was the
only other cohort study which analysed the effect of
excessive alcohol consumption. After adjustment for
several other factors, registered alcohol misuse in that
study was a significant risk factor for all cause mortality
in nQn-diabetic men, with a relative risk of 2-6. Alcohol
misuse, however, was not significant in diabetic men
(relative risk 0 8) even though there were significantly
more alcohol misusers in the diabetic group. As the
diabetic population was small the significance ofalcohol
misuse may have been lost by adjusting for other
factors. We found that a high mean corpuscular
volume, a marker for excessive alcohol consumption,
was predictive of early death, with a relative risk of 1-9
in subjects not known to be diabetic and 3-3 in subjects
known to be diabetic.

COMPARISON OF RISK FACTORS IN DIABETIC AND NON-

DIABETIC SUBJECTS

In this study and the other cohorts with a reference
group""' the risk factors for death in diabetic and
non-diabetic subjects were generally the same. When
risk factors differed the factor was often significant in
the control group but not in the diabetic group-for
example systolic blood pressure in the Gothenburg
study,3 and the cholesterol concentration and systolic
blood pressure in the Whitehall study.26 This could be
due to the small sample of diabetic subjects and the fact
that the range of values was too narrow to pick up
significant effects. The analysis is more powerful if all

Clinical implications

* Age specific mortality in non-insulin diabetic
patients is twice that in the general population
* The excess mortality has been mainly
attributed to ischaemic heart disease
* In this study most of the risk factors for early
mortality in diabetic men were the same as in
non-diabetic men-obesity, smoking, and high
blood pressure
* Poor glycaemic control and a high mean
corpuscular volume were also risk factors in
diabetic men
* The importance of a healthy lifestyle and
good control of diabetes should be emphasised
to diabetic patients

the data are used and interactions tested. Two factors
have been reported that were not significant in non-
diabetic subjects but significant in the diabetic groups:
systolic blood pressure in the Dallas study28 and
triglyceride concentration in the Danish study.29 In our
study the effect of hyperinsulinaemia in subjects
known and not known to be diabetic differed signi-
ficantly, with a twofold increase in risk of death for
those known to be diabetic compared with the rest of
the cohort.
We found glucose intolerance to be a significant risk

factor in men not known to be diabetic even after
adjustment for other risk factors. This agrees with the
results in the 'Whitehall study25 and the fit men of the
Dallas study.28 Subjects known to be diabetic who were
still hyperinsulinaemic (either at fasting or at two hours
after the glucose load) had an increased risk of death
compared with those whose insulin concentrations
were lower: among subjects known to be diabetic 48%
had raised fasting concentrations and 12% raised two
hour concentrations, compared with 25% of those who
were not diabetic.

CONCLUSIONS

In summary, the factors consistently identified as
risk factors for early death in non-insulin dependent
diabetic subjects are high blood pressure and cigarette
smoking. Further investigation is needed to confirm
the effects of glucose control, insulin concentrations,
central obesity, non-esterified fatty acids, and excessive
alcohol consumption.
The advice for diabetic subjects about reducing

risk of early death is generally similar to that for non-
diabetic subjects. They should stop smoking, and
reduce both overall and central obesity and excessive
alcohol consumption. Increased physical activity may
be a key factor since it would reduce obesity, hyper-
tension, and insulin resistance. When considering
pharmacological treatment of any risk factor doctors
must take into account the drug's effect on other risk
factors, in particular glycaemic control, especially in
diabetic subjects.

The Paris prospective study is conducted by Groupe
d'Etudes sur l'Epidemiologie de l'Atherosclerose and is
supported by Institut National de la Sante et de la Recherche
Medical (Units 21, 55, 169, and 258) and the Direction de
l'Action Sociale, de l'Enfance et de la Sante de la Ville de
Paris.
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Paternity by a seemingly infertile
vasectomised man

J A Thomson, P J Lincoln, Phyllis Mortimer

Vasectomy is a safe, reliable means of sterilisation,
easily monitored by examination of semen at suitable
intervals after operation. Failed operations, indicated
by the presence of spermatozoa in the semen, are
usually identified within a few months, although
occasionally spermatozoa may reappear much later.

In later failures there can be either high levels of
active spermatozoa (due to recanalisation of the vas
deferens) or "non-significant" numbers of non-motile
spermatozoa. Non-motile spermatozoa have been
reported as having no clinical significance,' and
no confirmed associated pregnancies have been
reported.i
We report such a pregnancy. It was important from

a clinical perspective, and for the benefit of the parties
involved, that the true paternity of the child be
confirmed.

Case history
The patient had a vasectomy in December 1987.

Semen samples at 12 and 18 weeks after operation were
clear of spermatozoa, and he was told that the vasec-
tomy had been successful.

In 1990 his wife became pregnant. Repeated exami-
nations of the husband's semen showed the presence of
small numbers of non-motile spermatozoa, a pattern
usually thought to indicate infertility. No motile
spermatozoa were observed in five specimens.
A child was bom in April 1991. It was decided to

perform tests, including DNA profiling, to ascertain
paternity. Blood samples from the patient, his wife,
and the child underwent DNA profiling tests with six
single locus DNA probes (Muc 7, MR24/1 (Amersham

International), YNH24, TBQ7, 3'ax HVR (Promega),
and MS43a (Cellmark Diagnostics)). Nineteen con-
ventional protein polymorphisms were also analysed.
These tests provided no evidence that the patient

was not the father of the child. Conventional test
results produced a relative chance of patemity of
about 94%, and combination with the DNA profiling
results, increased the chance of paternity to over
99 999%. Such a figure is considered to offer virtual
proof of patemity, provided a close relative of the
named man is not a possible father. To eliminate
this possibility, the patient's brother was tested and
excluded from paternity on two out of five DNA tests
utilised.
The wife has now had an intrauterine contraceptive

device fitted. There are no immediate plans for a
further operation on our patient.

Comment
This case shows fertilisation by a man deemed

infertile by criteria normally accepted as defining
successful vasectomy. This single case does not detract
from the view that men with very few, non-motile
spermatozoa after vasectomy are generally infertile,

Summary ofsemen examinations and other events

Time after
operation Observations*

12 Weeks Spermatozoa not seen
18 Weeks Spermatozoa not seen
28 Months Wife confirmed pregnant
21/2 Years Scanty, non-motile spermatozoa seen

No spermatozoa seen in wet preparation; scanty, non-motile
spermatozoa seen in spun deposit

No motile spermatozoa seen; scanty, non-motile spermatozoa
Spermatozoa not seen
Spermatozoa not seen

3 Years Child bom
31/2 Years Samples received for patemity testing by laboratory
5 Years Spermatozoa not seen

*Semen examinations were carried out on samples a maximum of two hours
old and kept at room temperature. The whole film was scanned at 400x
magnification by two members of staff.
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